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Concept  for  Employing 
Automatic  Continuous-Weighing  Equipment 
in  Mechanized  Citrus-Packing  Operations 

Method  and  Cost  Factors 

By  Earl  K.  Bowman1 
ABSTRACT 

Among  the  potential  benefits  of  using  the  proposed  equipment,  which 
consists  of  a  spacing  conveyor,  continuous-weighing  scale,  reject  mechanism, 
and  electronic  tallying  device,  are  rejection  of  overcount  bags  for  correction 
to  save  fruit;  reduction  of  average  bag  weight  to  save  fruit,  with  the  assurance 
that  underweight  bags  will  not  be  shipped;  and  elimination  of  unnecessary 
discarding  of  undercount  bags  that  meet  minimum  weight  requirements. 
Projected  revenue  and  cost  effects  for  correction  of  bags  containing  more  than 
a  specified  number  of  fruit  and  for  reduction  in  average  bag  weight  were 
based  upon  actual  number  of  fruit  per  bag  and  bag  weights  from  data  ob- 
tained in  research  on  machine-bagging  operations  in  Florida  citrus  packing- 
houses. Net  increase  in  packinghouse  revenue  as  a  result  of  adopting  the 
concept  presented  in  this  report  could  be  as  much  as  $24,000  on  an  annual 
volume  of  2.5  million  5-pound  bags  and  $40,000  on  an  annual  volume  of  4.5 
million  bags.  About  $9,000,  based  on  1977  prices,  would  be  required  to  pur- 
chase the  equipment,  which  has  a  rated  capacity  of  120  packages  per  minute. 
KEYWORDS:  automation,  bagging  machines,  citrus  packing,  conveyors, 
counting  machines,  mechanization,  reject  mechanisms,  scales. 


INTRODUCTION 

The  level  of  mechanization  involved  in  packing 
citrus  fruit  in  consumer  bags  in  Florida  packing- 
houses has  progressively  increased  (Bowman  and 
Teele  1973),  and  the  investment  cost  for  the 
automatic  bagging  machines  involved  is  normally 
high  (Bowman  1977).  During  the  1976-77  sea- 


1  Industrial  engineer,  Handling  and  Facilities  Re- 
search Unit,  Agricultural  Research  Service,  U.S.  De- 
partment of  Agriculture,  Gainesville,  Fla.  32604. 


son,  14.1  percent  of  the  approximately  58.5  mil- 
lion 4/5-bushel  boxes  of  fresh  citrus  marketed 
from  Florida  was  packed  in  consumer  bags,  with 
the  5-pound  size  accounting  for  93.6  percent  of 
the  total  shipped  in  bags  (Florida  Department  of 
Agriculture  and  Consumer  Services  1976-77). 

The  automatic  machines  now  generally  in  use 
count  the  number  of  fruit  passing  through  a 
sensing  field  and  provide  control  response  to  shut 
off  the  flow  of  fruit  and  trigger  the  closing  action 
for  each  bag  cycle  when  a  preset  number  of  fruit 
to  fill  the  bag  to  desired  weight  has  been  regis- 
tered (Bowman  1977;  Grierson  1969;  Grizzell 
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1963).  Studies  show,  however,  that  there  is 
usually  sufficient  variation  in  the  quantity- 
metering  response  of  the  equipment  to  produce 
some  bags  that  are  undercount  and  some  that  are 
overcount.  Also  involved  in  the  variation  in 
weights  of  machine-filled  bags  of  fruit  is  the  char- 
acteristic variability  in  fruit  weights  within  a 
given  fruit  size  and  the  combinations  of  fruit 
weights  delivered,  from  bag  to  bag,  in  machine 
packing. 

Count-action  machines  were  of  two  basic  types. 
One  employed  a  photocell  beam  for  sensing  the 
count  as  fruit  was  moved  in  single  file  on  a  small, 
high-speed  conveyor  belt.  The  other,  usually  hav- 
ing three  channels,  moved  fruit  at  lower  speed 
beneath  levers  that,  from  movement  by  contact 
with  each  fruit,  operated  microswitches  to  sense 
the  count.  Automatic  start-stop  of  the  conveyor 
was  the  action  used  for  quantity  metering  in 
both  types  of  machine. 

Satisfactory  quantity  metering  must  always  be 
of  concern  to  packinghouse  managers.  In  Florida, 
it  must  be  in  terms  of  filled-bag  weight  (Bowman 
1977).  If  underweight  bags  are  allowed  to  reach 
markets,  severe  problems  involving  both  legality 
and  customer  response  can  arise.  On  the  other 
hand,  bags  exceeding  the  weight  required  to 
maintain  a  minimum  weight  can  cause  loss  of 
revenue  to  the  industry. 

With  a  continuous-weighing  scale  and  auto- 
matic reject  attachments,  management  could 
select  underweight  and  overweight  set  points, 
enabling  control  of  the  bagging  operation  far 
beyond  just  the  rejecting  of  overcount  and  under- 
count bags.  Average  bag  weight  might  be  con- 
trolled to  save  a  significant  amount  of  fruit 
weight  in  packing  a  given  number  of  bags  and 
also  assure  that  bags  weighing  less  than  a  desired 
minimum  would  not  be  shipped  out. 

The  work  covered  in  this  publication  was  done 
as  part  of  a  continuing  program  focused  on  im- 
proved systems  for  preparing  citrus  and  subtropi- 
cal fruits  and  vegetables  for  market.  The  purpose 
of  the  report  is  to  present  a  concept  for  employ- 
ing automatic  continuous-weighing  equipment  in 
mechanized  citrus-packing  operations,  drawing 
upon  research  data  on  available  machine-pack- 
ing operations.  Method  and  cost  factors  are  ex- 
plained and  analyzed,  and  the  effects  that  would 
be  expected  from  such  an  operation  are  presented. 
No  scale  facilities  were  available  for  experimenta- 
tion and  trials  with  the  proposed  method.  Initial 
investment  prices  for  equipment  and  annual 


operating  and  supply  expenses  are  based  on  costs 
in  1977. 


PROCEDURE 

Data  were  obtained  on  weights  of  filled  bags 
and  weights  of  individual  fruit  taken  from  the 
bags  that  were  weighed  as  part  of  a  research 
effort  that  focused  on  design  and  operating  be- 
havior of  automatic  packing  equipment  and  its 
output  capability.  Bags  were  randomly  picked 
from  the  takeaway  conveyors  of  automatic  pack- 
ing machines  and  replaced  after  they  were 
weighed  and  the  fruit  in  each  counted.  Generally, 
100  bags  were  weighed  as  1  sample.  Five  to  ten 
percent  of  the  bags  weighed  were  retained,  and 
all  fruit  were  removed  from  these  bags  to  be 
individually  measured  and  weighed.  A  precision 
scale,  reading  to  1  gram,  was  used  for  weighing 
individual  fruit. 

In  analysis  and  interpretation  of  the  data,  sta- 
tistical procedures  based  on  the  normal  distribu- 
tion (bell-shaped  curve)  were  used.  The  following 
statistics  were  calculated:  standard  deviation  of 
individual  fruit  weights,  standard  deviation  of 
bag  weights  and  weight  ranges  within  which 
given  portions  of  bagged  fruit  output  would  be 
expected  to  fall  for  a  given  average  bag  weight, 
and  standard  deviation  of  bag  weights.  Repre- 
sentative distributions  of  bag  weights  from 
samples  were  plotted. 

RESULTS,  CALCULATIONS, 
AND  INTERPRETATIONS 

Overcount  and 
Undercount  Bags 

The  count-action  machines  underfilled  and 
overfilled  portions  of  their  output  of  packed  bags. 
Although  this  was  also  true  for  the  manual 
check-weigh  carrousel  machine,  underfilling,  in 
terms  of  number  of  fruit,  may  be  an  acceptable, 
normal  condition  when,  at  the  same  time,  bag 
weight  is  suitably  controlled  by  manual  check 
weighing,  i.e.,  kept  up  to  desired  minimum 
weight,  as  was  the  case  with  the  comparatively 
minimal  percentage  of  bags  (11  of  875  bags)  that 
weighed  under  5.25  pounds  in  samples  from  this 
machine  (table  1). 

In  the  prevailing  method  of  packing  fruit  in 
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FIGURE  1. — Average  weight  of  bags  of  correct  number  of  fruit  in  sample  lots  and  three-standard-deviation  range  of 

weights  of  those  bags  for  each  sample  lot. 


Tabic  1.— Numbers  and  percentages  of  bag  samples  within  count  or  weight 
categories  and  average  bag  weights 

Type  of  bagging  machine 

Count-fill,              Count-fill,  Manual 
Item                                photocell,             microswitch,  check-weigh 

single-channel         multichannel  carrousel1 

Sample  lots   No                   16                         7  9 

5-lb  bags   No.               1,494                      589  875 

Correct-count  bags   No               1.392                      517  659 

Do  pet              93.17                    87.78  75.30 

Undercount  bags   No.                   12                       39  151 

Do   pet                0.80                     6.62  17.26 

Overcount  bags   No.                  90                       33  64 

Do   pet                6.02                     5.60  7.31 

Bags  under  5  lb  No                     4                        18  1 

Do   pet                0.27                     3.06  0.11 

Bags  5  to  5.25  lb   No                   55                       92  10 

Do   pet                3.68                    15.62  1.14 

Average  bag  weight: 

All  bags   lb                5.70                     5.55  5.82 

Correct-count  bags   lb                5.68                     5.53  5.85 

1  Manual  check  weighing  of  bags  includes  adding  and  removing  fruit  and  exchanging 
fruits  hand-selected  for  size  variation  to  adjust  for  desired  bag  weights. 


small  bags,  which  employs  automatic  count-fill 
machines  and  periodic  manual  checking  of  bag 
weight,  it  is  necessary  to  maintain  the  average 
bag  weight  at  about  0.50  pound  above  the  gen- 
erally accepted  minimum  shipping-point  weight 
of  5.25  pounds.  Otherwise,  problems  with  ship- 
ping out  underweight  bags  are  likely  to  arise,  i.e., 
low  end  of  the  range  in  bag  weights  dropping 
below  5.25  pounds  because  of  the  variation, 
usually  about  0.50  pound  above  or  below  the 
average  weight,  that  is  characteristic  of  the 
distribution  involved  (fig.  1). 

Applicability  of  normal-distribution  formulas 
for  fruit  dimensions  and  packed  bag  weights  has 
been  recognized  in  the  field  of  statistics.  Menden- 
hall  (1965)  states  that  there  are  frequent 
occurrences  of  mound-shaped  and  bell-shaped 
distributions  of  data  in  nature  and  thus  wide 


applicability  of  what  he  terms  the  "empirical 
rule".  According  to  the  rule,  "Given  a  distribu- 
tion of  measurements  that  is  approximately  bell- 
shaped,  the  interval:  (1)  /a  (mean)  ±  a  (standard 
deviation)  will  contain  approximately  68  percent 
of  the  measurements.  (2)  /x  ±  2  a  will  contain 
approximately  95  percent  of  the  measurements. 
(3)  [i.  ±  3  a  will  contain  approximately  99.7 
percent  of  the  measurements." 

Normal  curve-area  tables  included  in  text- 
books and  handbooks  on  statistics  give  the 
percentage  of  measurements  in  the  interval  asso- 
ciated with  any  number  of  standard  deviations 
(z)  ranging  from  zero  through  3.0.  Such  a  table 
is  included  for  convenient  reference  (table  2). 

The  distribution  of  a  sample  of  100  actual 
packed-bag  weights  is  shown  in  figure  2.  An  ap- 
proximately normal  distribution  pattern,  or  bell- 
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shaped  curve,  may  be  seen  if  we  disregard  the 
10-  and  12-fruit  bags,  inasmuch  as  the  operation 
was  set  up  for  11  fruit  to  make  the  desired  weight 
for  each  5-pound  bag  during  the  period  when  the 
samples  were  taken.  Therefore,  given  a  quantity 
of  bags  packed  with  fruit  by  the  same  method 
for  a  specified  bag  weight,  the  individual  bag 
weights  can  be  expected  to  vary  above  and  below 
their  average  weight  in  a  normal  distribution  pat- 
tern. Only  75  of  the  100  bags  in  figure  2  con- 
tained 11  fruit.  Of  the  others,  20  bags  contained 
12  fruit  and  5  bags  contained  10  fruit.  The  effect 
of  irregularity  in  number  of  fruit  per  bag  on 
variability  of  bag  weights  is  indicated  by  the 


much  higher  standard-deviation  value  of  0.26 
pound  for  all  bags  in  the  sample,  compared  to 
0.12  pound  for  bags  containing  11  fruit.  This  also 
shows  the  three-standard-deviation  range,  or  in- 
terval, and  illustrates  how  the  standard  deviation 
serves  to  measure  variability  in  bag  weights. 
Calculation  of  the  standard-deviation  value  in- 
volves the  amount  by  which  each  item  deviates 
from  the  average  of  the  measurements  of  the 
group  or  sample  of  items  involved;  therefore,  it 
provides  a  measure  of  variability  of  the  items  in  a 
sample  that  is  then  applicable  to  commercial  op- 
eration for  given  operating  conditions  represented 
by  the  sample. 


Table  2.— Normal  curve  areas1 
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.4978 

.4979 

.4979 

.4980 

.4981 

2.9 

.4981 

.4982 

.4982 

.4983 

.4984 

.4984 

.4985 

.4985 

.4986 

.4986 

3.0 

.4987 

.4987 

.4987 

.4988 

.4988 

.4989 

.4989 

.4989 

.4990 

.4990 

1  This  table  is  abridged  from  Table  I  of  Statistical  Tables  and  Formulas,  by 
A.  Hald  (New  York:  John  Wiley  &  Sons,  Inc.,  1952).  Reproduced  by 
permission  of  A.  Hald  and  the  publishers,  John  Wiley  &  Sons,  Inc. 
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On  the  basis  of  research  data,  average  bag 
weights  calculated  for  three  standard  deviations 
above  5.25  pounds  are  about  0.12  pound  lower 
for  oranges  in  correct-count  bags  only  than  when 
all  bags  in  the  same  sample  are  included.  Simi- 
larly, the  average  bag  weight  for  grapefruit 
packed  in  correct-count  bags  only  is  about  0.16 
pound  lower  than  when  all  bags  are  included. 

In  operating  an  automatic  continuous-weigh- 
ing scale,  the  following  formula  is  useful  for  cal- 
culations involved  in  setting  "accept"  and 
"reject"  bag  weights,  i.e.,  weight  limits,  either 
upper  or  lower,  on  what  is  acceptable  and  above 
or  below  which  there  will  be  reject  action: 


where    2=number  of  standard  deviations, 

x=selected  upper  or  lower  packed-bag 

weight  limit  (pounds), 
/x= desired  average  bag  weight  (pounds), 
and       o-=standard   deviation   of   bag  weight 
(pounds). 

For  example,  assume  that  the  scale  is  set  to 
reject  overfilled  bags  (12  fruit)  in  the  distribu- 
tion shown  in  figure  2  and  that  *=6.10  pounds, 
the  weight  of  the  12-fruit  bag  for  the  upper 
weight  limit;  /<=5.89  pounds,  the  average  weight 
of  the  11-fruit  bags;  and  a=0.12  pound,  the 
standard  deviation  calculated  on  weights  of  the 
11-fruit  bags;  then  z=(6.10-5.89)-t-0.12=1.75 
standard  deviations  for  11-fruit  bags.  Referring 
to  a  table  of  normal  curve  areas  (table  2)  we  find 
that  a  z  value  of  1.75  standard  deviations  gives 
a  value  of  45.99  percent.  Relating  this  to  a  total 
of  50  percent  (  these  tables  give  values  in  terms 
of  one-half  of  the  whole  area  under  the  normal 
curve),  the  result,  which  would  be  useful  to  pack- 
inghouse management,  is  that  approximately  4 
percent  (50.00  —  45.99)  of  the  11-fruit  bags  in  an 
output  quantity  represented  by  the  sample  would 
be  rejected  along  with  the  12-fruit  bags  at  a  scale 
setting  of  6.10  pounds.  Similarly,  using  the  aver- 
age bag  weight  and  standard-deviation  value  for 
all  bags,  the  resulting  z  value  of  0.50,  according 
to  normal  curve  area,  would  mean  rejection  of 
approximately  31  percent  (50.00  —  19.15)  of  an 
output  quantity,  including  the  12-fruit  bags,  rep- 
resented by  the  sample  at  the  same  scale  setting. 
It  should  be  noted,  however,  that  this  sample  in- 
cludes 20  percent  overcount  bags,  whereas  the 
average  for  all  samples  was  only  about  6  percent. 

Two  11-fruit  bags  above  6.10  pounds  and  one 


12-fruit  bag  below  that  weight  (fig.  2)  illustrate; 
the  impossibility  of  perfect  separation  of  items 
according  to  chosen  "accept"  and  "reject"  group- 
ing in  situations  of  this  nature.  The  end  result 
in  separation  depends  upon  the  reject  limit 
chosen  in  conjunction  with  the  variability  and 
distribution  characteristics  of  the  items  (bags  of 
fruit)  involved. 

Controlling  Average 
Bag  Weight 

In  addition  to  the  possible  increased  revenue 
from  correcting  overcount  bags  (table  3),  the 
average  bag  weight  could  be  reduced  by  means 
of  automatic  continuous-weighing  scales.  Average 
bag  weights  from  sample  lots  and  the  three- 
standard-deviation  range  for  the  respective  lots 
(fig.  1)  indicate  that  the  average  bag  weight 
must  not  be  lower  than  about  5.75  pounds  in 
order  to  insure  that  virtually  none  would  weigh 
less  than  5.00  pounds  and  only  about  0.50  per- 
cent of  the  total  output  less  than  5.25  pounds. 
However,  with  the  scale  continuously  monitoring 
bag  weights  and  the  automatic  reject  mechanism 
rejecting  bags  weighing  less  than  5.25  pounds, 
management  would  be  free  to  reduce  average  bag 
weight  by  adjusting  the  sizing  of  fruit  and  thus 
save  substantially  on  the  weight  of  fruit  required 
for  packing  a  given  number  of  bags  (table  4). 
In  doing  this,  the  number  of  rejected  bags  requir- 
ing rehandling  would  increase  as  the  average  bag 
weight  was  reduced,  i.e.,  bringing  it  down  closer 
to  5.25  pounds.  Through  normal  distribution  re- 
lationships, the  number  of  rejected  bags  expected 
for  a  given  average  weight  of  bags  flowing  from 
the  packing  machines  may  the  calculated.  For 
example,  for  an  average  bag  weight  of  5.65 
pounds  and  rejection  of  bags  weighing  less  than 
5.25  pounds, 


5.25-5.65 
0.20 


-0.40 
0.20 


■  2.00  standard  deviations. 


For  a  z  value  of  2.00,  the  table  of  normal  curve 
areas  (table  2)  gives  47.72  percent  as  the  portion 1 
of  the  normal  curve  area  that  would  be  included 
between  the  given  average  bag  weight  and  chosen 
reject  weight.  Interpreting  this  for  packinghouse 
use,  2.28  percent  (50.00-47.72)  of  the  total  bags^ 
flowing  to  the  scale  would  be  expected  to  weigh 
less  than  5.25  pounds  and  thus  be  rejected. 

For  a  lower  average  bag  weight,  5.55  pounds, 


Table  3.— Possible  additional  number  and  value  of  5-lb  polyetbylene  bags  of 
fruit  as  result  of  correcting  overcount  bags' 


Type  of  fruit 
and  volume 
packed2 


No.  additional  bags 
of  fruit  per  each 
type  of  bag 


Film- 


Net'1 


Total  No. 
both  types 
of  bags' 


Value  of  additional 
packed  bags'1 


Total, 
each 
type  of 
fruit 


Total, 
all 
fruit 


ANNUAL  VOLUME  OF  150,000  OVERCOUNT  BAGS 


Oranges— 90,000  bags               3,273          4,909  8,182 

Grapefruit— 60,000  bags          6,000          4,000  10,000 

$3,672  / 
5,166 ) 

$8,838 

ANNUAL  VOLUME  OF  270,000  OVERCOUNT  BAGS 

Oranges— 162,000  bags             5,891          8,836  14,727 

Grapefruit— 108,000  bags  .     10,800          7,200  18,000 

$6,609  I 
9,299 ) 

$15,908 

1  Calculated  on  6  pet  of  annual  volumes  of  2,500,000  and  4,500,000  5-lb  bags  (table  4). 

2  Comprised  of  60  pet  oranges  and  40  pet  grapefruit,  the  proportions  of  oranges  and 
grapefruit  in  total  quantity  shipped  in  5-lb  bags  as  shown  in  Fresh  Citrus  Container 
Analysis  1976-77,  Statewide,  Division  of  Fruit  and  Vegetable  Inspection,  Florida  De- 
partment of  Agriculture  and  Consumer  Services. 

3  Oranges  =  40  pet  in  film  bags  and  60  pet  in  net  bags.  Grapefruit  =  60  pet  in  film  bags 
and  40  pet  in  net  bags.  From  same  source  given  in  footnote  2. 

4  Calculated  on  11  oranges  per  bag  and  6  grapefruit  per  bag;  quantity  of  fruit  usable 
for  additional  bags  based  upon  1  fruit  per  bag  obtained  in  correcting  the  specified  annual 
volume  of  overcount  bags. 

5  Calculated  on  f.o.b.  price  per  bag  of  $0,435  for  oranges  in  film  bags  and  $0,458  in  net 
bags;  $0,507  for  grapefruit  in  film  bags  and  $0,531  in  net  bags. 


Table  4.— Weight  and  value  of  fruit  that  can  be  saved  by  adjusting  for  reduced  average  bag  weight 


Average 
bag  weight 
(lb) 

Weight  of  fruit  saved  (pounds) 

Value  of  fruit  saved1 

Annual 
volume 

Per  bag2 

Total, 
all 
fruit3 

Oranges4 

Grapefruit4 

Oranges 

Grapefruit 

Total 

2,500,000  bags  ... 
4,500,000  bags  ... 

(  5.65 

 1  5.55 

(  5.65 
'  5.55 

0.10 
.20 
.10 
.20 

235,000 
470,000 
423,000 
846,000 

141,000 
282,000 
253,800 
507,600 

94,000 
188,000 
169,200 
338,400 

$8,968 
17,935 
16,142 
32,283 

$6,928 
13,856 
12,470 
24,940 

$15,896 
31,791 
28,612 
57,223 

1  Calculated  on  bulk  fruit  f.o.b.  price  corresponding  to  $3.00  per  %-bu  box  in  1977  differential  schedule  by  Florida 
Citrus  Mutual  ($2.80  per  44  lb  for  oranges;  $2.80  per  38  lb  for  grapefruit). 

2  Relative  to  average  bag  weight  of  5.75  pounds. 

3  Calculated  on  94  pet  of  bags  since  correction  of  overcount  number  of  fruit  per  bag  has  been  shown  as  source  of 
savings  on  6  pet  of  bag  output. 

4  Based  upon  60  pet  oranges  and  40  pet  grapefruit,  per  reference  in  footnote  2,  table  3. 
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and  the  same  rejection  of  bags  weighing  less  than 
5.25  pounds,  6.68  percent  of  the  bags  flowing  to 
the  scale  would  be  expected  to  weigh  less  than 
5.25  pounds  and  thus  be  rejected.  Results  from 
these  two  average-weight  levels  for  5-pound  bags 
show  the  pattern  of  increasing  numbers  of  re- 
jected bags  as  the  average  bag  weight  is  reduced. 
The  standard  deviation  of  bag  weight  used  in  the 
calculations,  0.20  pound,  is  a  round  figure  slight- 
ly higher  than  0.17  pound,  the  weighted-average 
standard  deviation  of  all  samples  (correct-count 
bags)  involved  in  the  study.  The  effect  of  this  is 
to  assure  conservative  results,  i.e.,  more  rejected 
bags  and  additional  costs  dependent  upon  re- 
jected bags  than  would  be  shown  using  0.17 
pound  in  calculations. 

The  relationship  between  variability  in  bag 
weights  and  variability  in  weights  of  individual 
fruit  going  into  the  bags  received  consideration 
during  the  study  and  in  analyzing  the  data.  A 
mathematical  relationship  does  apply  and  is 
represented  by  the  formula 

<rb=\/rnXo-j, 


where    <xi,=standard  deviation  of  bag  weights  1 

(pounds), 
n=specified  number  of  fruit  per  bag, 
and       o-/=standard  deviation  of  weights  of  in 

dividual  fruit  with  which  bags  are 

filled  (pounds). 
In  accordance  with  the  formula,  variability  in 
bag  weights  (standard  deviation  of  bag  weight) 
will  increase  or  decrease  with  the  corresponding 
change  in  variability  in  weights  of  individual 
fruit  (standard  deviation  of  fruit  weight).  This 
formula  provides  a  way  to  predict  the  variability  ' 
in  bag  weights  from  data  on  individual  fruit 
weights  in  a  given  lot  where  this  would  be  help- 
ful. Also,  using  the  individual  fruit-weight  data, 
an  average  weight  per  fruit  may  be  computed 
which,  in  turn,  serves  in  calculating  predicted 
average  bag  weight,  the  product  of  a  specified 
number  of  fruit  per  bag  and  the  average  fruit 
weight.  Thus,  the  resultant  average  bag  weight 
is  the  base  for  addition  and  subtraction  of  stan- 
dard-deviation values  to  obtain  upper  and  lower 
limits  for  the  weight  range  in  which  a  percentage 
of  bags  would  be  expected  to  fall  according  to 


OVERWEIGHT 
BAGS   


BAGS  FROM 
PACKING  MACHINES 


 A  


SPACING—1 
CONVEYOR 


CONTINUOUS 
WEIGHING  — 
SCALE 


AUTOMATIC 
REJECT 
UNIT 


ELECTRONIC 
TALLYING  — 
DEVICE 


PACK 

ACCEPTED 
BAGS  INTO 
MASTER 
CARTONS 

O  <  


UNDERWEIGHT 

BAGS- 


Figure  3. — Basic  layout  for  automatic  continuous-weighing  scale  and  accessories. 
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normal  curve-area  relationship  with  the  respective 
standard-deviation  value. 

The  change  required  in  average  diameter  of 
fruit  to  change  average  bag  weight  by  0.10  pound 
is  small,  probably  less  than  would  usually  be  real- 
ized. Starting  with  a  given  average  bag  weight 
and  the  number  and  average  diameter  of  fruit  in 
the  pack,  the  calculations  are  easily  made.  A 
ratio  of  average  bag  weight,  for  example,  5.65  to 
I  5.75  pounds,  is  0.983.  This  ratio  is  applied  to  the 
I  volume  of  an  individual  fruit,  calculated  on 
j  the  average  diameter  of  fruit  being  packed  in  the 
5.75-pound  bags.  The  resultant  volume  figure  is 


then  used  for  calculation  of  the  average  fruit 
diameter  that  will  make  the  lower  average  bag 
weight  (5.65  pounds),  with  the  pack  kept  the 
same  in  other  respects. 

Actually,  with  values  from  the  study  data  as  a 
basis,  the  calculated  change  in  average  diameter 
of  oranges  in  an  11 -fruit  bag  is  from  3  to  2.98 
inches  to  reduce  average  bag  weight  from  5.75  to 
5.65  pounds.  To  reduce  average  bag  weight  to 
5.55  pounds,  for  the  same  pack,  the  calculated 
average  fruit  diameter  would  be  2.97  inches.  For 
grapefruit  packed  six  per  bag,  the  calculated 


Table  5.— Initial  investment  and  annual  ownership  costs  for  equipment 

_  .  .  ,     _  ,  Annual  costs 

Initial     Expected   — —  — 

Equipment  coat  life  Depre-  Interest'  lM";an«  Totel 
 — <>—>  <»■*>      "Co3  un't 

Scale   $5,300  8  $662.50  $268.31  $212.00  $1,142.81 

Spacing  conveyor               2,500  8  312.50  126.56  100.00  539.06 

Reject  unit                           500  8  62.50  25.31  20.00  107.81 

Tallying  unit                         95  8  11.88  4.81  3.80  20.49 

1  Based  on  1977  prices. 

-  Computed  on  average  of  values  at  beginning  of  first  and  last  years  of  estimated  life. 


Table  6.— Annual  ownership  and  operating  costs  for  equipment 


Operating  costs 


Equipment 


Ownership 

cost  Power1 


Mainte- 
nance2 


Total 


Total 
cost 
per  unit 


No.  Total 
units  cost 


VOLUME  OF  2,500,000  5-LB  BAGS 


Scale   

.  $1,142.81 

$29.00 

$132.00 

$161.00 

$1,303.81 

1 

$1,304.00 

Spacing  conveyor 

539.06 

44.00 

62.00 

106.00 

645.06 

1 

645.00 

Reject  unit   

107.81 

7.00 

12.00 

19.00 

126.81 

1 

127.00 

Tallving  unit  

20.49 

8.00 

2.50 

10.50 

30.99 

3 

93.00 

Total  cost, 

all  units    ...  ...  ...  ...    2,169.00 


VOLUME  OF  4,500,000  5-LB  BAGS 


Scale   

.  $1,142.81 

$52.00 

$238.00 

$290.00 

$1,432.81 

1 

$1,433.00 

Spacing  conveyor 

539.06 

79.00 

112.00 

191.00 

730.00 

1 

730.00 

Reject  unit   

107.81 

13.00 

22.00 

35.00 

142.81 

1 

143.00 

Tallying  unit  

20.49 

13.00 

4.00 

17.00 

37.49 

3 

112.00 

Total  cost, 

all  units    ...  ...  ...  ...    2,418.00 


1  Based  on  $0,035  per  kWh;  scheduled  operating  hours,  833  for  2,500,000  bags  and 
1,500  for  4.500,000  bags. 

-  Based  on  3  pet  of  initial  cost  per  1,000  h  of  scheduled  operating  time  for  equipment. 
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change  in  average  fruit  diameter  is  from  4.03  to 
4.01  inches  to  reduce  average  bag  weight  from 
5.75  to  5.65  pounds  and  to  3.98  inches  to  further 
reduce  average  bag  weight  to  5.55  pounds. 

PROPOSED 
EQUIPMENT 

The  equipment  consists  of  a  spacing  conveyor, 
continuous-weighing  scale,  reject  mechanism, 
and  electronic  tallying  device.  A  basic  layout  for 
such  a  scale  installation  in  packinghouses  is 
shown  in  figure  3.  All  the  equipment  items  are 
well  known  in  commercial  supply  channels.  Firms 
having  the  capability  to  construct  belt  conveyors 
might,  under  some  conditions,  find  it  advanta- 
geous to  do  so  for  some  conveyor  sections  in- 
volved in  their  particular  installation.  Electronic 


tallying  devices,  though  not  essential,  could  help 
significantly  in  effective  supervision  of  operations 
as  well  as  saving  labor  that  might  otherwise  be 
engaged  in  manually  counting  bags  and  recording 
information.  The  initial  cost  is  about  $95  (table 
5)  for  each  item  of  information,  i.e.,  overweight 
bags,  underweight  bags,  and  accepted  bags. 

REVENUE  AND 
COST  FACTORS 

Partially  offsetting  the  savings  shown  in  pre- 
ceding sections  are  significant  additional  costs 
for  the  continuous-weighing  method,  as  follows: 
(1)  ownership  and  maintenance  costs  for  the 
scale  and  accessories,  (2)  labor  costs  for  handling 
and  emptying  the  rejected  bags  of  fruit,  and 
(3)  cost  of  rejected  bags. 


Table  7.— Estimated  labor  costs  for  handling  5-lb  bags  rejected  for  specific 
conditions  when  using  automatic  continuous-weighing  equipment 


Annual  volume 


Reject 
condition 


Reduction 
in  average 
bag  weight 
(lb) 


2,500,000  bags 


4,500,000  bags 


Scheduled 
operating 

time 

(h) 


No. 
workers1 


Labor 

cost2 


Scheduled 
operating 

time 

(h) 


No. 
workers1 


Labor 

cost- 


Overcount  • 
Underweight 
Do   


0.10 
.20 


833 
833 
833 


$2,291 
2,291 
2,291 


1,500 
1,500 
1,500 


$4,125 
4,125 
8,250 


1  Determined  with  reference  to  an  estimated  maximum  rate  of  185  bags  per  man  hour 
for  manually  handling  and  emptying  bags  rejected  by  scale.  Mostly,  for  whole  numbers 
of  workers  allowed,  the  result  is  a  lower  rate  of  expected  output  per  man  hour. 

-  Calculated  on  hourly  wage  of  $2.75. 


Table  8.— Numbers  and  costs  of  5-lb  polyethylene  bags  involved  in  correcting  for  overcount  filling1 


Cost  of  bags 


Annual 

volumes2 


Type  of 

fruit 
packed 


No.  each 
type  of  bag3 


Film 


Net 


Per  1,000, 
each  type  of  bag4 


Total,  each 
type  of  bag 


Film 


Net 


Film 


Net 


Total, 
both 
types 
of  bags 


Total, 
all 
bags 


(  Oranges    36,000 

150,000  bags         iGrapefruit  .  .  .  36,000 

270,000  bags  I  Oranges    64,800 

I  Grapefruit  .  .  .  64,800 


54,000 
24,000 
97,200 
43,200 


$19.35 
22.30 
19.35 
22.30 


$40.10 
46.70 
40.10 
46.70 


i  697 
803 
1,254 
1,445 


$2,165 
1,121 
3,898 
2,017 


$2,862 
1,924 
5,152 
3,462 


1  Assumed  that  discarded  bags  would  not  be  put  to  any  use.  6  pet  of  bags  contained  1  extra  fruit. 

2  See  footnote  1,  table  3.  Comprised  of  60  pet  oranges  and  40  pet  grapefruit,  the  proportions  in  total  quantity  of 
oranges  and  grapefruit  shipped  in  5-lb  bags;  from  same  source  given  in  footnote  2.  table  3. 

3  See  footnote  3,  table  3. 

1  From  Florida  Citrus  Mutual  data. 
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Tables  5  and  6  show  the  initial  investment  and 
ownership  and  operating  costs  for  the  scale,  re- 
ject unit,  and  other  accessories.  The  initial  costs 
given  are  for  equipment  designated  by  the  sup- 
plier to  have  capability  for  speeds  up  to  120 
packages  per  minute  and  package  weights  up  to 
10  pounds. 

Labor  costs  estimated  for  the  handling  in- 
volved in  emptying  fruit  from  the  bags  rejected 
by  the  scale  for  the  designated  conditions  are 
given  in  table  7.  Packinghouses  have  not  had  an 
established  activity  of  this  kind  and,  therefore, 
a  time-study  basis  of  development  was  not 
possible. 

The  costs  of  bags  involved  in  correcting  for 
overcount  filling  are  shown  in  table  8.  The  costs 
of  bags  involved  as  underweight  in  adjusting  for 
reduced  average  bag  weight  are  shown  in  table  9. 

The  combined  values  of  additional  packed  bags 
from  correcting  of  overcount  bags  and  fruit  saved 
by  adjusting  for  reduced  average  bag  weight  are 
given  in  table  10.  The  combined  effect  of  possible 
increased  returns  and  additional  costs  (table  10) 
is  a  net  increase  in  annual  revenue  ranging  from 
$11,488  for  the  lowest  annual  volume  of  bags  and 
least  degree  of  control  of  average  bag  weight  to 
$40,710  at  the  opposite  end  of  the  scale  of  com- 


parative conditions.  Even  with  the  projected  ad- 
ditional costs  for  bags  to  take  the  place  of  those 
rejected  and  for  labor  incident  to  handling  the 
rejected  bags,  the  smallest  projected  net  increase 
in  revenue  is  sufficient  to  more  than  pay  the 
initial  cost  of  equipment  in  1  year. 

CONCLUSIONS 

Automatic  continuous-weighing  equipment, 
used  for  maintaining  specified  weight  on  bags 
packed  by  means  of  count-action  machines,  offers 
the  following  principal  potential  benefits: 

1.  Rejecting  overcount  bags  for  correction  to 
save  fruit. 

2.  Reducing  average  bag  weight  to  save  fruit, 
through  sizer  adjustment,  with  assurance 
against  shipping  underweight  bags  by  vir- 
tue of  the  automatic  reject  function  of  the 
scale  equipment. 

3.  Eliminating  unnecessary  discarding  of 
undercount  bags  that  meet  minimum 
weight  requirement. 

The  amount  of  net  savings  projected  for  the 
foregoing  potential  benefits  is  substantial  (table 
10). 


Table  9.— Costs  of  5-lb  polyethylene  bags  involved  as  underweight  in  adjusting  for  reduced  average  bag 

weight1 


Adjusted 
annual 
volumes2 


Type 

of 
fruit 
packed 


Underweight 
(rejected)  bags 


Cost  of  bags 


Percentage 
of  bags 
rejected 


Total, 
all 

bags 


No.  each  type 
of  bag ' 


Film 


Net 


Per  1,000 
for  each 
type  of  bag1 


Total, 
each  type 
of  bag 


Film     Net    Film  Net 


Total, 
both 

types 

of 
bags 


Total, 
all 


ANNUAL  VOLUME  OF  2,500,000  BAGS 


2,350,000  bags 
2,350,000  bags 


|  Oranges 


it  •  ■  t  2  28 
■  j  6.68 


53,580 


12,859 
12,859 


|  Oranges 


Grapefruit 


156,980  J  37,675 
I  37,675 


19,289 
8,573 
56,513 
25,117 


$19.35 
22.30 
19.35 
22.30 


$40.10 
46.70 
40.10 
46.70 


$249 
287 
729 
840 


$773 
400 
2,266 
1,173 


$1,022 
687 
2,995 
2,013 


[  $1,709 

^  5,008 


ANNUAL  VOLUME  OF  4,500,000  BAGS 


4,230,000  bags  .  .  )°3rSuit;   }  2.28 

4,230,000  bags  ...\  °ranges  ;  •  •  •  }  6.68 
<  Grapefruit  •  •  ' 


96,444 


23,146 
23,147 


282,564  \  67,815 
<  67,816 


34,720 
15,431 
101,723 
45,210 


$19.35 
22.30 
19.35 
22.30 


$40.10 
46.70 
40.10 
46.70 


$448 
516 
1,312 
1,512 


$1,392  $1,840 

721  1,237 

4,079  5,391 

2,111  3,623 


$3,077 
9,014 


1  Assumed  that  discarded  bags  would  not  be  put  to  any  use. 

2  Excludes  6  pet  of  annual  volume  for  overcount  bags.  Comprised  of  60  pet  oranges  and  40  pet  grapefruit,  the  pro- 
portions of  oranges  and  grapefruit  in  total  quantity  shipped  in  5-lb  bags;  from  same  source  given  in  footnote  2, 
table  3. 

3  See  footnote  3,  table  3. 

4  From  Florida  Citrus  Mutual  Data. 
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Existing  equipment  layouts  may  involve  diffi- 
culties in  conveying  bags  to  one  scale  unit  from 
as  many  packing  machines  as  are  necessary  to 
properly  utilize  its  capacity.  In  these  circum- 
stances, decision  on  a  course  of  action  would  be 
governed  by  comparative  costs  of  alternatives 
such  as  additional  scale  units  and  changes  in 
layout  of  other  equipment. 

Where  the  current  method  of  machine-packing 
bags  includes  operator  placement  of  packed  bags 
into  master  cartons  at  each  machine,  changes 
would  be  necessary  to  permit  centralizing  the 
master  cartoning  activities  at  a  location  following 
the  scale  unit. 

The  formulas  and  calculations  shown  in  this 
report  are  not  difficult  to  follow.  However,  no 
large  amount  of  calculations  would  be  required  of 
managerial  or  other  packinghouse  personnel.  For 
general  use,  when  dealing  with  5-pound  bags,  a 
standard  deviation  of  0.20  pound  may  be  used 
for  a-  (standard  deviation)  in  the  z  formula.  This 
value  is  based  upon  study  data  and  is  an  approxi- 
mate average  for  all  samples  involved.  Its  use  is 
suggested  on  the  premise  that  the  effect  in  pos- 
sible lack  of  maximum  accuracy  in  a  given  situa- 
tion would  be  more  desirable  than  the  time  and 
interruption  involved  for  personnel  to  make  com- 
putations of  standard-deviation  values  for  every 
desired  situation.  Hand-held  calculators,  pre- 
programed for  standard  deviation,  are  widely 
available  at  prices  (in  1977)  well  below  $100 
should  management  wish  to  make  more  calcu- 
lations for  different  conditions. 

Weight  limits  and  average  weight  for  bags  are 
generally  chosen  in  the  light  of  relevant  operating 
conditions  and  the  practice  that  management 
wishes  to  follow,  without  need  to  calculate  the 
values.  Normally,  a  very  small  change  in  sizer 
setting  would  control  average  bag  weight  to  save 
on  the  amount  of  fruit  in  packing  a  given  quan- 
tity of  bags.  The  proper  setting  could  be  reached 
by  making  use  of  bag-weight  readout  provided  by 
the  electronic  tallying  device  connected  to  the 
scale,  i.e.,  adjusting  the  sizer  until  the  averages 
of  the  weight  readings  for  several  groups  of  bags 
(possibly  10)  indicate  satisfactory  agreement 
with  the  average  weight  desired.  In  using  the 
scale  equipment  without  tallying  accessories,  per- 
sonnel would  weigh  randomly  chosen  packed 
bags,  possibly  in  groups  of  10,  and  adjust  the 
sizer  until  the  average  bag  weight  obtained  from 
the  samples  agreed  with  the  desired  average  bag 
weight. 
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